Abstract. The multipath interference affects the navigational accuracy of the Microwave Landing System (MLS), which threatens the landing security of planes seriously. The common methods of the multipath interference suppression are realized on the electromagnetic modeling of the airport environment, which have huge computation and complicated design, etc. A novel method based on the power-cepstrum technology is proposed to restrain the multipath signal of MLS. Firstly, the mathematical model of the signals received by the navigational equipments on the plane. And then, the power-cepstrums of the signals are calculated and the multipath effect is counterbalanced so that the time delay between the toward-and-back scanning beams is estimated precisely. Finally, its effectiveness is proved by the simulation and experiment.
Introduction
Microwave Landing System is an advanced land-based landing system recommended by the International Civil Aeronautics Organization (ICAO). Compared with the Instrument Landing System (ILS), the MLS enables much wider coverage, and enables conduct of area navigation in the vicinity of the airport. These new capabilities make the MLS to better meet the requirements of modern aviation. But like to other systems of wireless measurement, there is some inaccuracy in the MLS avionics ineluctable. Especially, the multipath effect resulted from the complicated electromagnetic environment around the airport reduces the navigational accuracy of the MLS, which threatens the landing security of the approaching airplanes seriously.
To reduce the effect of the multipath interference, the paper [4] and the paper [4] [5] established the model of electromagnetic scatter to simulate the potential multipath obstacles. Based on the estimation of the multipath error on the airport site, the paper [6] adjusted the aperture of the scan antenna on the ground to depress the influence of the multipath. But, the above-mentioned methods have the problems of huge computation and complicated design. In this paper, a method, based on the process of digital signal, is proposed to estimate the time delay between two scanning signals directly by the power-cepstrum. Therefore, the ability of multipath restraint is improved obviously in order to attain the accurate space position of the approaching airplane. As shown in Figure 1 , if the time delay 0 t of the two pulse signals received by the aircraft avionics is measured, then its azimuth angle can be computed by Eq. 1:
Where, ) rad  is the azimuth angle undetermined; 0 ) T ms  is a design constant, means the time interval of the to-and-fro scanning which passes through the middle line of a runway where the azimuth angle is 0 ; 0 ) t ms  is the time delay between two received pulse signals; /) rad ms  is 20 / ) rad ms  , means the velocity of scanning.
Data Model for Navigational Signals Disturbed by Multipath Errors.
When there is no interference of the multipath, the scanning signal received by the avionics shapes to a symmetrical and raised waveform, which has only one maximum peak point. The offset from the ideal landing course, which can provide a navigation fix or route to the pilot, can be computed by the time interval 0 t between the two peaks. But under the influence of the geographical environment of the airport and the large buildings near the runway, illustrated in Fig. 2 , the raised waveform of the scanning signal is distorted by the multipath signals so that the avionics in the aircraft can not calculated the azimuth angle correctly. 
 denotes the time delay between the i th multipath signal and the direct signal， i A denotes the fading factor of the i th.
Suppose the instantaneous model of the multipath interference unchanged, the fro scanning signal received by the avionics, 2 () xt, can be written as (4) and (5), then:
T is the time of the observation duration, s T is the sampling interval.
To simplify the description of the problem, suppose SNR of the received signals is so high that the additive noise can be ignored. Then Eq. 6 has the form
The waveform of the single is illustrated in Figure 3 , in which the blue curve describes the signal waveform without multipath interference and the red curve describes that with multipath interference. From Fig. 3 it can be noted that the received signal waveform is distorted by the multipath error so that the peak time 1 t of the direct wave can not be observed exactly and 0 t can not be calculated accurately consequently. 
Multipath Error Suppression Algorithm Based on Power-Cepstrum
From Eq. 7, we can see that the scanning signal received by the aircraft avionics is formed with the convolution of the direct signal transmitted from the ground azimuth antenna and the multipath channel. According to the theory of digital signal processing, the method based on the cepstrum is propitious to deconvolution to separate multiplicative noise. Therefore, the multipath interference in the MLS can be regarded as the multiplicative noise, which can be suppressed by the cepstrum method, and 0 t can be estimated accurately. Firstly, construct two new sequences 3 () xn and 4 () xn according to the to-and-fro sequences received by the aircraft avionics: 
Simulation Results
The effectiveness of the multipath error suppression algorithm based on power-cepstrum is verified via simulation experiments in this section. Suppose the scanning signal received by the aircraft avionics is simulated by the main lobe of bell-shaped pulse, which could be written as: Fig. 4(a) shows the signal waveform without multipath interference and Fig. 4(b) shows the signal waveform with four multipath interference, where the multipath time delays are From the results of the simulation, we can see that there is still a peak value near the real time point despite SNR decreasing. In the simulation, the real time delay 0 t is 6.365ms, and the estimated is 6.364ms, where the error of estimation is 0.15%. Furthermore, calculated by Eq. 1, the real azimuth angle is 56.35º , the estimated is 56.36º , and the error of angle measurement is 0.01º .
From the above simulation results it can be concluded that, the multipath error suppression algorithm based on power-cepstrum exhibits good estimation performance, and it could be recommended to be used in the MLS approaching navigation.
Summary
The complicated electromagnetic environment around the airport leads to the multipath interference which affects the approaching navigational accuracy of the MLS distinctly. In this paper, a multipath error suppression algorithm based on power-cepstrum is proposed, which could separate the multipath interference in cepstrum and estimate the information of the approaching aircraft position precisely. The proposed method does not need to know the interference and the airport environment in advance, and has such advantages as simple algorithm and high accuracy degree. Simulation results have demonstrated the performance of the new method.
